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Echocardiographic Spectrum of Double Inlet Ventricle: Evaluation of
The Interventricular Communication
HIROHIKO SHIRAISHI, MD, NORMAN H. SILVERMAN, MD, FACC
San Francisco, California
To determine the spectrum and associated anomalies of
double inlet ventricle (single ventricle), echocardiographic
data of 50 patients with double inlet ventricle were reviewed
and compared with the data obtained by cardiac catheter-
ization, cardiac surgery and autopsy. Standard echocardio-
graphic planes were used to determine the cardiac anatomy
and the size of the interventricular communication. Double
inlet by way of two perforate valves was found in 44
patients. In 42 of the 44 patients the dominant ventricular
morphology was of the left ventricular type (double inlet
left ventricle); in 13 of these 42 patients stenosis of one
atrioventricular (AV) valve was found. Double inlet right
ventricle and double inlet indeterminate ventricle were each
found in one patient. Double inlet by way of a common AV
valve was found in six patients, all of whom had atrial
isomerism.
The diagnosis of double inlet ventricle was accurate by
Although many terms are used to describe the cardiac
anomaly commonly know\l as single tentricle (1-5), we have·
adopted the name double inlet ventricle. Double inlet ven-
tricle is an atrioventricular (AV) connection in which both
atria empty entirely or predominantly into one ventricle
(4,5). Two-dimensional echocardiography provides accurate
definition of intracardiac structures, especially AV valve
anomalies (6-10). In previous echocardiographic studies (II)
the relation between the obstruction to systemic circulation
and the size of the interventricular communication (bulbo-
ventricular foramen) in this anomaly was incompletely de-
scribed. We reviewed our data on 50 patients to determine
the diagnostic accuracy of echocardiography in defining the
spectrum and the associated anomalies of double inlet ven-
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two-dimensional echocardiography in all 44 patients. A
restrictive interventricular communication was shown in 13
patients and a nonrestrictive communication in 17 patients
by cardiac catheterization. Patients with a restrictive inter-
ventricular communication had a significantly smaller in·
terventricular communication area normalized by the body
surface area (mean ± SD 1.21 ± 0.53 cm2/m2) than did
those with a nonrestrictive interventricular communication
(2.33 ± 0.71 cm2/m2) (p < 0.01). Infants with an aortic
anomaly had a significantly smaller interventricular com-
munication area (1.35 ± 0.65 cm2/m2) than did those
without an aortic anomaly (2.57 ± 0.76 cm2/m2) (p < 0.05).
Echocardiography provides an accurate noninvasive
diagnosis in patients with double inlet ventricle, offering
reliable information about the restrictive interventricular
communication.
(J Am Coli Cardiol1990;15:1401-8)
tricle, including the obstruction to systemic circulation at the
interventricular communication.
Methods
Study patients. We examined 50 consecutive patients
with double inlet ventricle who underwent diagnostic eval-
uation at the University of California, San Francisco from
August 1981 through March 1989. Thirty-one were male and
19 female; the median age at the first echocardiogram was
129 days (range 0 day to 21.7 years). There were 29 patients
examined before surgery and 21 examined after a palliative
aortopulmonary shunt or pulmonary artery banding; patients
studied after corrective surgery were not included. We
reviewed medical records, echocardiograms, cardiac cathe-
terization studies, surgical reports and pathologic specimens
to confirm each patient's echocardiographic diagnosis.
Definitions and terminology. Double inlet ventricle is an
AV connection in which both atria empty entirely or pre-
dominantly into one ventricle (5). The term dominant ven-
tricle is used to define the large ventricle that receives major
AV valve inflow (5). The term rudimentary ventricle is used
0735-1097/90/$3.50
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to define the ventricle that receives either no AV valve
inflow or only a minimal commitment of an overriding AV
valve. It has also been referred to as the outlet chamber if
one or both great arteries arise from it. The internal marker
of the crux of the heart is the junction between the two AV
valves.
Double inlet left ventricle is characterized primarily by its
dominant ventricle of left ventricular morphology (and by a
rudimentary ventricle of right ventricular morphology aris-
ing superior to and at some distance from the crux of the
heart). The dominant ventricle of left ventricular type exhib-
its fine trabeculations. Double inlet right ventricle is charac-
terized by its dominant ventricle of right ventricular mor-
phology (and by a rudimentary ventricle of left ventricular
morphology closely related to the crux of the heart). The
dominant ventricle of right ventricular type exhibits coarse
trabeculations. Double inlet indeterminate ventricle is char-
acterized by its ventricular chamber of indeterminate mor-
phology. Ventricle of indeterminate type was applied to the
hearts lacking a rudimentary ventricle echocardiograph-
ically, angiographically or under direct observation. The
modes of AV connection were two perforate AV valves,
common AVvalve and straddling or overriding AVvalve, or
both (5). Straddling of an AV valve is defined as the
attachment of valve tensor apparatus to both sides of the
septum (5).
Echocardiographic methods. We used an Advanced
Technology Laboratory Mark 500, 600 or Ultramark 8
echocardiograph with 3 or 5 MHz transducers for two-
dimensional and pulsed or continuous wave Doppler echo-
cardiographic study and a Hewlett-Packard Ultrasound Im-
aging System 77020A with 3.5 or 5 MHz transducers or an
Acuson Computed Sonography 128 with 3, 5 or 7 MHz
transducers for Doppler color flow study. We have performed
pulsed Doppler echocardiography since 1982, continuous
wave Doppler echocardiography since 1985 and Doppler
color flow imaging since 1986. We recorded the echocardio-
graphic studies on 0.5 in. (1.27 em) videocassette tapes.
We used standard echocardiographic planes from the
parasternal, apical, subcostal and suprasternal windows to
determine 1) the visceroatrial situs; 2) the mode of AV
connection; 3) the AV valve morphology; 4) the ventricular
morphology by evaluating the apical and septal trabecular
pattern, the spatial relation between the rudimentary ventri-
cle and the crux of the heart; 5) the position of the rudimen-
tary ventricle; 6) the ventriculoarterial connections; 7) the
position of the great arteries with respect to the main
pulmonary artery, and 8) the great artery anomalies. We
considered an AV valve as stenotic when the diastolic
diameter of the valve orifice was less than half the diameter
of the opposite valve orifice with confirmatory Doppler and
M-mode findings. We considered an aortic arch as hypoplas-
tic when the systolic diameter of the ascending aorta and the
aortic arch was less than half the diameter of the main
pulmonary artery. We considered the aortopulmonary shunt
as patent when patency of the shunt was confirmed by
two-dimensional echocardiography or there was continuous
or diastolic flow in the pulmonary artery by Doppler echo-
cardiography.
To measure the area of the interventricular communica-
tion, we used two-dimensional echocardiography with the
parasternal short- and long-axis or subcostal coronal planes.
Because we noticed that the shape of the interventricular
communication was not always circular but elliptic at patho-
logic examinations, we calculated the area of the interven-
tricular communication from the dimensions measured on
still frames of two-dimensional echocardiographic images in
two of those planes taken at end-systole, namely, the
parasternal long-axis and subcostal coronal planes. We
assumed these dimensions to be the diameters of an ellipse,
and calculated the area of this ellipse normalized by the body
surface area from the following formula:
Interventricular communication area == (D] x D2 x 1T/4)/BSA,
where D1 == the diameter of the interventricular communi-
cation measured from one plane, D2 = the diameter of the
interventricular communication measured from another
plane and BSA = body surface area. We measured the
dimension of the interventricular communication with the
MicroSonics CAD 886 Digital Image Processing/Quantifica-
tion System. We analyzed six clear images, three from each
of two planes, to obtain the averaged diameters.
We tested the reproducibility of the area of the interven-
tricular communication in five patients from 30 images.
These echocardiograms were measured independently by
two observers (and twice by one observer) who were un-
aware of the pressure gradient between the ventricles or the
previous measurements.
To measure the maximal Doppler flow velocity of the
interventricular communication, we used pulsed or continu-
ous wave Doppler echocardiography. Using the parasternal
long-axis plane or subcostal coronal plane images, we placed
the Doppler beam as perpendicular as possible to the ven-
tricular septum and recorded the maximal flow velocity
through the interventricular communication with the sample
volume located in the rudimentary ventricle. We performed
Doppler color flow imaging of the interventricular commu-
nication in seven patients.
Cardiac catheterization. We performed cardiac catheter-
ization before echocardiographic examination in 33 patients
and after examination in eight patients. We identified the
rudimentary ventricle by angiography on the basis of stan-
dard angiographic criteria (12). We described the great artery
position as the position of the aorta with respect to the main
pulmonary artery. We defined the pulmonary flow as signif-
icantly obstructed when there was a systolic pressure gradi-
ent >30 mm Hg between the dominant ventricle and the
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pulmonary artery (10). We defined the interventricular com-
munication as restrictive when there was any systolic pres-
sure gradient between the ventricles obtained at cardiac
catheterization (13), For comparison, we used only measure-
ments of two-dimensional and Doppler echocardiograms
recorded within 6 months (range -169 to +180 days, median
1 day) of cardiac catheterization.
Surgery. In 44 patients we confirmed the cardiac anat-
omy surgically. The surgical approach was a palliative
aortopulmonary shunt or pulmonary artery banding in 37 of
the 44 patients, so that the surgical confirmation of the
diagnosis was limited to the extracardiac anatomy. The
intracardiac anatomy was confirmed at corrective surgery
(modified Fontan operation) in seven patients.
Autopsy. In 10 patients we confirmed the cardiac anat-
omy pathologically.
Data analysis. We presented the interventricular commu-
nication area and the maximal Doppler flow velocity through
the interventricular communication as the mean value ± SD.
By Student's unpaired t test, we compared the following: the
interventricular communication area in patients with a re-
strictive versus those with a nonrestrictive interventricular
communication; the interventricular communication area in
infants with versus those without an aortic anomaly; and the
maximal Doppler flow velocity through the interventricular
communication in patients with a restrictive versus those
with a nonrestrictive interventricular communication. We
considered differences significant at p < 0.05.
Results
Double inlet ventricle by way of two AV valves (Table 1).
Forty-four of the 50 patients we examined had two perforate
AV valves by two-dimensional echocardiography. In 42 of
the 44 patients, the morphology of the dominant ventricle
was left ventricular (double inlet left ventricle) (Fig. 1). In 40
of these 42 patients, the visceroatrial situs was solitus, and in
the other 2 patients, 1 of whom had cor triatriatum, it was
inversus. Thirteen patients had an AV valve anomaly. Ste-
nosis of one AV valve was present in all 13 of these patients
(Fig. 1); in 9 patients it was in a left-sided (pulmonary
venous) AV valve and in 4 patients it was in a right-sided
(systemic venous) AV valve. Seven patients had straddling
of the AV valve to the rudimentary ventricle (Fig. 2). The
position of the rudimentary right ventricle was anterosupe-
rior and to the left of the dominant ventricle in 31 patients
(Fig. 2) or anterosuperior and to the right in 11 patients. The
ventriculoarterial connection was discordant in 34 patients
(Fig. 2), concordant (Holmes heart) in 4 patients (Fig. 3),
double outlet by way of the aorta from the dominant ventri-
cle (pulmonary atresia) in 3 patients and double outlet from
the rudimentary ventricle in 1 patient. The position of the
aorta was left anterior or right anterior with respect to the
main pulmonary artery in 38 of the 42 patients. Seven
patients had an obstruction to systemic circulation; four
patients had a hypoplastic aortic arch (Fig. 3), one patient
had an interruption of the aortic arch and two patients had a
valvular and subvalvular aortic stenosis. Twenty-two of the
42 patients had pulmonary stenosis or pulmonary atresia
(Fig. 4), and 8 patients had a pulmonary artery band.
A double inlet right ventricle was found in only one
patient who had two AV valves with situs solitus (Table 1).
There was straddling of the left AV valve, and the position of
the rudimentary ventricle was posteroinferior and to the left
of the dominant ventricle. A double inlet indeterminate
ventricle was found in only one patient who had two AV
valves with situs inversus.
Double inlet ventricle by way of common AV valve (Table
1). All the patients showed echocardiographic features of
either right isomerism (asplenia) or left isomerism (polysple-
nia) and the visceroatrial situs was ambiguus in all. There
was no common AV valve stenosis (Fig. 4). Morphology of
the dominant ventricle was left ventricular in one patient,
right ventricular in three and indeterminate in two. All of
these patients had an obstruction to pulmonary flow, and one
patient had total anomalous pulmonary venous return.
Diagnostic accuracy (Table 2). We confirmed the sensitiv-
ity, specificity and accuracy of echocardiographic diagnosis
by cardiac catheterization and angiography in the detection
of the rudimentary ventricle, the obstruction to systemic or
pulmonary circulations and the aortopulmonary shunt. With
use of Doppler echocardiography, we could detect patency
of the aortopulmonary shunt and differentiate severe pulmo-
nary stenosis and pulmonary atresia accurately.
The interobserver and intraobserver differences of the
two-dimensional echocardiographic area of the interventric-
ular communication were 0.17 ± 0.11 and 0.14 ± 0.11
cm2/m2, respectively; the interobserver and intraobserver
correlations were excellent (r == 0.98, P < 0.01 and r == 0.99,
P < 0.01, respectively).
Stenosis of the interventricular communication. Of the 41
patients who underwent cardiac catheterization, serial stud-
ies showed a restrictive interventricular communication in
13 patients (pressure gradient ranging from 5 to 65 mm Hg
between the ventricles) and a nonrestrictive interventricular
communication in 17 patients. No adequate pressure gradi-
ent was obtained in seven patients, and no rudimentary
ventricle was detected in four. A restrictive interventricular
communication developed in 7 of 10 patients with double
inlet left ventricle and discordant ventriculoarterial connec-
tion who underwent pulmonary artery banding over an
average observation period of 26.8 months (range 3.0 to 70.6)
after operation.
Two-dimensional echocardiography was performed
within 6months of cardiac catheterization in 10 patients with
a restrictive interventricular communication (11 examina-
tions) and in 16 patients with a nonrestrictive interventricu-
lar communication (19 examinations). In patients with a
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Table 1. Anatomic Data in Double Inlet Ventricle of 50 Patients
Atrioventricular Connections Two AV Valves Common AV Valve
No. of Patients 44 6
Male/Female 27117 4/2
Morphology of Dominant Ventricle LV RV Ind. LV RV Ind.
Situs 42 2
Solitus 40 I 0 0 0 0
Inversus 2 0 I 0 0 0
Ambiguus 0 0 0 I 3 2
Right isomerism 0 2 2
Left isomerism I I 0
AV valve anomalies (straddling or 7 0 0 0 0
overriding, or both)
Stenotic AV valves 13 0 0
Right side 4 0 0
Left side 9 0 0
Position of rudimentary ventricle
Anterosuperior left 31 0 0 I 0 0
Anterosuperior right II 0 0 0 0 0
Posteroinferior left 0 I 0 0 I 0
None 0 0 I 0 2 2
Ventriculoarterial connection
Concordant 4 0 0 0 0 0
Discordant 34 0 0 I 0 0
Double outlet from dominant ventricle 0 I I 0 3 0
Double outlet from rudimentary I 0 0 0 0 0
ventricle
Single outlet by way of the aorta 3 0 0 0 0 2
Great artery position (with respect to
pulmonary artery)
Left I 0 0 0 0 0
Left-anterior 23 0 0 I I I
Anterior 0 I 0 0 0 0
Right-anterior 15 0 I 0 I 0
Right 0 0 0 0 I I
Right-posterior 3 0 0 0 0 0
Aortic arch anomalies 9 0 I 0 I 0
Valvular-subvalvular aortic stenosis 2 0 0 0 0 0
Hypoplastic aortic arch 4 0 0 0 0 0
Interruption of the aorta I 0 0 0 0 0
Right aortic arch 2 0 I 0 I 0
Obstruction to pulmonary flow
Valvular-subvalvular pulmonary 19 0
stenosis
Pulmonary atresia 3 0 0 0 0 2
Pulmonary artery band 8 0 0 0 0 0
No obstruction 12 0 0 0 0 0
Anomalous pulmonary venous connection I 0 0 0 I 0
AV = atrioventricular; Ind. = indeterminate; LV = left ventricle; RV = right ventricle.
restrictive interventricular communication, the interventric- interventricular communication by cardiac catheterization
ular communication area was <2 cm2/m2 (range L21 ± 0.53) as well as progressive diminution of the interventricular
and was significantly smaller than in those with a nonrestric- communication area (Fig. 5).
tive interventricular communication (2.33 ± 0.71 cm2/m2) Two-dimensional echocardiography was performed
(p < 0.01). We performed sequential catheterization and within 7 months after birth in five infants with an aortic
echocardiographic examinations in six patients. In three of anomaly (four infants with a hypoplastic aortic arch and one
these six patients, we observed progressive restriction of the infant with interruption of the aorta) and in five infants
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Figure 1. Subcostal coronal (Subcost Coron) planes of double inlet
ventricle showing two perforate AV valves in diastole. Top, Both
AVvalves are open, and no AVvalve anomaly is present. Bottom,
The right AVvalve is open normally, but the left AVvalve (LAVV)
is thick and stenotic. Dom. LV = dominant left ventricle; I =
inferior; L = left; LA = left atrium; R = right; RA = right atrium;
S = superior.
without an aortic anomaly. In infants with an aortic anom-
aly, the interventricular communication area (1.35 ± 0.65
cm2/m2) was significantly smaller than in those without an
aortic arch anomaly (2.57 ± 0.76 cm2/m2) (p < 0.05) (Fig. 6).
We confirmed the diagnosis of the aortic anomaly by cardiac
catheterization or surgery in all the patients. In one infant a
hypoplastic aortic arch was successfully operated on with
the Damus procedure. After undergoing the Norwood oper-
ation, one infant died. No operation was attempted in two
infants. Interruption of the aortic arch in another infant was
repaired successfully combined with increasing the size of
the interventricular communication.
Doppler echocardiography. We performed pulsed or con-
tinuous wave Doppler echocardiography within 6 months of
cardiac catheterization in five patients with a restrictive and
in seven patients with a nonrestrictive interventricular com-
munication (nine examinations). There was no difference
between the maximal Doppler flow velocity through the
interventricular communication in patients with a restrictive
communication (1.60 ± 1.17 mis, range 0.4 to 3.5) and that in
patients with a nonrestrictive communication (1.07 ± 0.28
mis, range 0.75 to 1.3). In all seven patients with a nonre-
strictive interventricular communication, the maximal Dopp-
Figure 2. Two cases of double inlet left ventricle. Top, Apical four
chamber (4 Ch) plane showing the right AVvalve straddling into the
rudimentary right ventricle (Rud. RV). Bottom, Subcostal coronal
plane showing the rudimentary right ventricle (Rud. RV) positioned
anterosuperior and to the left of the dominant left ventricle (Dom.
LV). The ventriculoarterial connections are discordant; the aorta
(Ao) arises from the rudimentary right ventricle and the pulmonary
artery (PA) from the dominant left ventricle. Other abbreviations as
in Figure 1.
ler flow velocity was <1.5 m/s; however, there were four
patients with a mildly restrictive interventricular communi-
cation (pressure gradient between the ventricles 5 to 20 mm
Hg) whose maximal flow velocity was <1.5 m/s.
We performed Doppler color flow imaging in only seven
patients (four with a nonrestrictive interventricular commu-
nication and three with a restrictive communication). We
confirmed the restrictive interventricular communication by
a small dimension with disturbed flow through it by this
technique (Fig. 7).
Discussion
This study demonstrates the diagnostic accuracy of echo-
cardiography in defining the spectrum and associated anom-
alies of double inlet ventricle, including the obstruction to
systemic circulation at the interventricular communication.
Spectrum of double inlet ventricle. These patients were all
referred for evaluation based on clinical indication and,
therefore, represent the clinical spectrum of this cardiac
anomaly rather than the spectrum based on referral for
cardiac catheterization or from autopsy data.
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Figure 3. Two cases of double inlet left ventricle. Top, Subcostal
coronal plane showing the rudimentary right ventricle (Rud. RV)
positioned anterosuperior and to the left of a dominant left ventricle
(Dom. LV). The ventriculoarterial connections are concordant
(Holmes heart); the aorta (Ao) arises from the dominant left ventri-
cle and the pulmonary artery (PA) from the rudimentary right
ventricle (RV). Bottom, Suprasternal sagittal (S S Sag) plane show-
ing coarctation of the aorta. Substantial hypoplasia of the ascending
aorta (Ao) is also seen. A = anterior; HypopI. Arch = hypoplastic
aortic arch; P = posterior; other abbreviations as in Figure 1.
AV valve morphology has been accurately defined by
two-dimensional echocardiography (6-10). The incidence of
a stenotic AV valve in our patients with double inlet ventri-
cle by way of two AV valves was similar to that in previous
reports (9,10); however, in this study the incidence of
left-sided (pulmonary venous) AV valve stenosis was higher
(9 [20.5%] of 44). The presence of a stenotic AV valve
modifies the feasibility of surgical correction (14), and it may
not be easily defined at cardiac catheterization. Display of a
stenotic left AV valve is extremely important because the
Fontan type operation combined with closure of the right-
sided AV valve with a stenotic left-sided AV valve, could be
disastrous (14). Also, a point might be made for balloon or
blade atrial septostomy, or both, to relieve the obstruction to
left atrial outflow at cardiac catheterization. The newer
surgical modifications of the Fontan operation (Kreutzer-
Fontan operation) seem more desirable in these circum-
stances (15).
In this study we found a common AV valve only in
patients with atrial isomerism. In contrast, no patient with
two AV valves had atrial isomerism. Anomalous pulmonary
Figure 4. Two cases of double inlet left ventricle. Top, Subcostal
coronal plane showing subvalvular pulmonary stenosis (Sub PS).
The subpulmonary ridge is shown as a stenotic lesion; however, the
main pulmonary artery (PA) is not stenotic. Bottom, Apical four
chamber (4 Ch) plane showing a common AV valve. A = atrium;
other abbreviations as in Figures 1and 2.
venous connection is common in patients with atrial isom-
erism, and this anomaly, when unoperated, has been asso-
ciated with high mortality after palliative or corrective
surgery (16). We found total anomalous pulmonary venous
connection in one patient, and it was repaired at the time of
a palliative aortopulmonary shunt operation. Defining the
presence of atrial isomerism in patients with double inlet
ventricle is important because of the high incidence of
anomalous pulmonary venous connections, which must be
repaired during surgery (14).
We recognized double inlet left ventricle and concordant
ventriculoarterial connection in four patients. This is a rare
cardiac anomaly and has been usually found at autopsy
(4,14); however, this anomaly can be recognized by two-
dimensional echocardiography (17). Echocardiography is
especially helpful for differentiating this anomaly from clas-
sical tricuspid atresia with normally related great arteries.
Precise diagnosis ofdouble inlet right ventricle is impor-
tant because the Fontan operation for this anomaly has been
associated with high mortality (18). Postoperative cardiac
failure has been frequent and appeared to be the cause of
death, which could be explained by the less hypertrophied
dominant right ventricle (19).
Evaluation of the interventricular communication. The
most important aspect of this study is the ability of two-
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Table 2. Detection of Rudimentary Ventricle, Obstruction to Systemic or Pulmonary Circulation or Aortopulmonary Shunt:
Two-Dimensional Echocardiography and Doppler Echocardiography Versus Cardiac Catheterization and Angiography in 41 Patients
True True False False
Category Positive Negative Positive Negative Sensitivity Specificity Accuracy
Detection of rudimentary ventricle 37 2 0 2 95% 100% 95%
Detection of obstruction to systemic circulation 4 35 2 0 100% 95% 95%
Detection of obstruction to pulmonary circulation 37 4 0 0 100% 100% 100%
Detection of aortopulmonary shunt 15 24 0 2 88% 100% 95%
dimensional echocardiography to evaluate the interventric-
ular communication. We found that an interventricular com-
munication area <2 cm2/m2 indicated a restrictive
interventricular communication. Cardiac catheterization has
been used to evaluate the interventricular communication
(12,13,20). Early detection of the restrictive interventricular
communication is important, because the operation for pro-
gressive restrictive interventricular communication has been
associated with a high mortality rate (11).
In this study, restriction of the interventricular commu-
nication developed in 70% of the patients with double inlet
left ventricle and discordant ventriculoarterial connection
who underwent pulmonary artery banding. Patients who
have had pulmonary artery banding must be monitored
carefully, because a restrictive interventricular communica-
tion is known to develop in up to 84% of these patients (13).
We found that the interventricular communication area
was significantly smaller in infants with an aortic anomaly
Figure 5. The interventricular communication area calculated by
two-dimensional echocardiography in 16 patients (19 examinations)
with a nonrestrictive (0) versus 10 (11 examinations) with a restric-
tive interventricular communication (e). The area (cm2) was calcu-
lated from the systolic dimensions obtained by two-dimensional
echocardiography and normalized for body surface area (m2). The
mean area in patients with a restrictive interventricular communi-
cation was significantly smaller than that in patients with a nonre-
strictive communication. Progressive diminution of the interventric-
ular communication area was observed in three patients. Bars
represent mean values ± SD.
than in those without an aortic anomaly. Hypoplasia of the
aortic arch might be related to the small flow into the
ascending aorta caused by the restrictive interventricular
communication in the fetal circulation (21).
Although pulsed or continuous wave Doppler echocar-
diography has been a useful technique for assessing blood
flow through a ventricular septal defect (22,23), it was
disappointing for evaluating a restrictive interventricular
communication. This may relate to the inability to optimize
the angle between the flow with the maximal velocity and the
Doppler beam or may relate to the shape of the narrowing in
this anomaly, which may not fulfill the criteria for using the
modified Bernoulli equation (24). Doppler color flow imag-
ing, which has proved valuable for assessing the size of
ventricular septal defects (25), has offered promise for de-
fining the restriction of the interventricular communication,
but we have examined too few patients to establish this
point. Because restriction of the interventricular communi-
cation may develop after corrective surgery, noninvasive
recognition may provide an important means of evaluating
the development of this complication.
Figure 6. The interventricular communication area (cm2) calculated
by two-dimensional echocardiography and normalized for body
surface area (m2) in five infants without an aortic (Ao) arch anomaly
(0) versus five with an aortic arch anomaly (e) <7 months of age.
The mean area in infants with an aortic arch anomaly was signifi-
cantly smaller than that in infants without an aortic arch anomaly.
Bars represent mean values ± SD.
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Figure 7. Doppler color flow imaging of double inlet left ventricle
with a restrictive interventricular communication. A small dimen-
sion of disturbed flow through the interventricular communication is
shown. LV = dominant left ventricle; O.CH = outlet chamber
(rudimentary right ventricle); RA = right atrium: ts = trabecular
septum; SC = subcostal coronal plane.
Conclusions. We have found that the combination of all
the modalities of echocardiography provides accurate diag-
nosis in patients with double inlet ventricle and offers
reliable information about the restrictive interventricular
communication, which is essential for the appropriate surgi-
cal management of these patients.
We thank Heather Silverman for editorial assistance.
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